ABSTRACT To identify the host range of potential vectors of Dirofilaria immitis Leidy, the causal agent of canine diroÞlariasis, we studied the bloodmeal origin of mosquitoes trapped on two of the Canary Islands, Gran Canaria and Tenerife, where this disease is considered hyperendemic. On Gran Canaria, mosquitoes were captured using Centers for Disease Control and Prevention (CDC) traps (outdoors) and resting in a bathroom (indoors). Only CDC traps were used to capture mosquitoes in Tenerife. The species captured in decreasing order of abundance were Culex theileri Theobald, Culex pipiens L., Culiseta longiareolata Macquart, Anopheles atroparvus van Thiel, and Anopheles cinereus Theobald. The origins of bloodmeals were identiÞed for 121 Cx. theileri and 4 Cx. pipiens after ampliÞcation and sequencing of a fragment of the vertebrate cytochrome oxidase I (COI) gene. Cx. theileri fed on goats, sheep, dogs, cattle, cats, humans, and chickens, and Cx. pipiens fed on goats and chickens. A lower success of bloodmeal identiÞcation was obtained in mosquitoes captured resting indoors than outdoors in CDC traps, probably because of a longer time period between feeding and capture. Although most Cx. theileri fed on ruminants, this species also fed on different mammal species susceptible to diroÞliarasis, including humans, suggesting it could play a role on parasite transmission.
The diroÞlariasis caused by Dirofilaria immitis Leidy is a cosmopolitan disease affecting domestic and wild mammals and humans (McCall et al. 2008 , Simó n et al. 2009 ). In the Canary Islands, dogs, cats, and humans show high seroprevalence for D. immitis (Montoya et al. 1998 (Montoya et al. , 2006 MontoyaÐAlonso et al. 2011a,b) . Most evidence indicates that Culex theileri Theobald is probably the main vector of D. immitis on these islands (Morchó n et al. 2011 , SantaÐAna et al. 2006 , although other Culex species and mosquitoes belonging to other genera also have been incriminated in the transmission (Shaw and Day 2005 , Cancrini et al. 2007 , Morchó n et al. 2012 , Latrofa et al. 2012 . In endemic regions for D. immitis, as in the case of the Canary Islands, humans and other potential hosts (e.g., domestic animals) are at risk of being bitten by infected mosquitoes and potentially suffer parasite infection. Despite this veterinary and public health problem, to our knowledge, there have been no studies on the blood feeding behavior of these potential vectors in the Canary Islands. In fact, there have been few studies on the host-feeding patterns of Culex mosquitoes in Europe (Balenghien et al. 2006; Muñ oz et al. 2011 Muñ oz et al. , 2012 Roiz et al. 2012a,b,; Osó rio et al. 2012; Ventim et al. 2012) , especially for Cx. theileri (Muñ oz et al. 2011 (Muñ oz et al. , 2012 Osó rio et al. 2012) .
The identiÞcation of bloodmeal origins is essential to determine the vector host range and pathogen transmission networks. Traditionally, host identiÞcation was done using serological techniques (Braverman et al. 1971 , Blackwell et al. 1994 , Mwangangi et al. 2003 ), but recently, these studies have progressively incorporated sequencing techniques based on the ampliÞcation of the bloodmeal hostÕs DNA (Kent 2009, Gó mezÐDṍaz and Figuerola 2010) . Thus, the purpose of the current study was to identify the bloodmeal sources of mosquitoes captured on two of the Canary Islands, Gran Canaria and Tenerife, using the recently developed molecular approach described by Alcaide et al. (2009) . This method is based on the Barcoding of Life program that aims to provide a reference library of cytochrome oxidase I (COI) sequences of all vertebrates and other organisms on earth (Hebert et al. 2003 , Hajibabaei et al. 2007 ).
Materials and Methods
Study Area. Mosquitoes were captured from September to December 2010 during a study on bluetongue vectors (MartṍnezÐ de la Puente et al. 2012) . Centers for Disease Control and Prevention (CDC)-type downdraft miniature suction traps (model 1212; J.W.Hock, Gainesville, FL) operating with a 4-W black light (ultraviolet) bulb were used to capture mosquitoes at two farms, one on Gran Canaria (the farm of the Universidad de Las Palmas de Gran Canaria, 28Њ8Ј21 N, 15Њ30Ј24 W) and one on Tenerife (the farm of the Instituto Canario de Investigaciones Agrarias, 28Њ31Ј24 N, 16Њ22Ј19 W). Traps were operated from sunset to sunrise with an irregular periodicity and were hung at 2.2 m above the ground to keep farm animals away from the traps. Traps were located very close to animal corrals containing goats and/or sheep and, in the case of Gran Canaria, Ϸ10 m from kennels containing dogs. Additional potential host species including humans (e.g., farm workers and students, the last for the case of Gran Canaria), other mammals and different bird species were observed near trap locations. In addition, during September and October 2011, mosquitoes were captured by hand, during daylight, resting in the bathroom of the farm of Gran Canaria, which was Ϸ2 m from corrals containing animals. This was the only location where resting mosquitoes were observed at this farm.
Mosquitoes were preserved at Ϫ80ЊC until identiÞca-tion. In the laboratories of the Servicio de Control de Mosquitos (Diputació n Provincial de Huelva), mosquitoes were enumerated to species using available morphological keys (Brunhes et al. 2000 , Schaffner et al. 2001 , and females containing a bloodmeal were individually stored until analyses of bloodmeal origin.
Bloodmeal Identification. The abdomen of each blood-fed mosquito was removed using sterile pipet tips, placed into 75 l of lysis solution (25 mMNaOH, 0.2 mM EDTA), crushed and incubated at 95ЊC for 30 min. After incubation, the solution was cooled on ice for 5 min and then 75 l of neutralization solution (40 mM Tris-HCl) was added according to the HotSHOT procedure (Truett et al. 2000) . At least two negative DNA extraction controls (i.e., absence of blood) were included per plate. Abdomens were processed on 96-thermowell plates and DNA extracts were stored at Ϫ20ЊC until polymerase chain reaction (PCR) ampliÞcation. Bloodmeal origin was determined using the protocol described by Alcaide et al. (2009) to amplify a 758 bp fragment of the vertebrate COI gene. Sequencing reactions were performed according to BigDye 1.1 technology (Applied Biosystems, Carlsbad, CA) and labeled DNA fragments were resolved through an ABI 3130xl automated sequencer (Applied Biosystems). Sequences were edited using Sequencher v4.9 software (Gene Codes, 1991Ð2009, Ann Arbor, MI). Host species identiÞcation was done by comparison with sequences deposited in GenBank DNA sequence database (National Center for Biotechnology Information Blast) or the Barcode of Life Data Systems (BOLD Systems platform). Agreement of Ն98% with known species sequences was required for host identiÞcation.
Results
In total, 774 mosquitoes (56 males and 718 females) were captured (Table 1) . The most abundant mosquito species was Cx. theileri (n ϭ 672), followed by Culex pipiens L. (n ϭ 57), Culiseta longiareolata Macquart (n ϭ 5), Anopheles atroparvus van Thiel (n ϭ 1), and Anopheles cinereus Theobald (n ϭ 1). Because of the loss of some anatomical structures, 38 mosquitoes were only identiÞed to Culex. Overall, 259 Cx. theileri and 19 Cx. pipiens females contained blood in their abdomen, but successful ampliÞcation and identiÞca-tion of the bloodmeal source was done only for 121 Cx. theileri and four Cx. pipiens. On Gran Canaria, Cx. theileri fed blood on goats Capra hircus (n ϭ 79), dogs Canis lupus familiaris (n ϭ 11), sheep Ovis aries (n ϭ 10), cat Felis catus (n ϭ 1), cattle Bos taurus (n ϭ 1), chicken Gallus gallus (n ϭ 1), and human Homo sapiens (n ϭ 1). In addition, one Cx. theileri from Gran Canaria showed clear double peaks at different positions of the sequencing electropherogram suggesting that it fed blood on two different hosts. By comparing this sequence with those from the other bloodmeals obtained in this study, the sequence with double peaks was identiÞed as goat and dog. The seven hosts species were identiÞed from Cx. theileri mosquitoes captured resting in the bathroom, whereas only goats and sheep were the hosts of Cx. theileri mosquitoes captured using CDC traps. Moreover, goats were the bloodmeal sources of 16 mosquitoes from Tenerife. Bloodmeals identiÞed from Cx. pipiens corresponded to goats (n ϭ 3) and chicken (n ϭ 1).
On Gran Canaria, signiÞcantly greater success was obtained in the identiÞcation of the bloodmeal sources in mosquitoes trapped using CDC traps (25 of 39; 64.10%) than resting in the bathroom (84 of 216; 38.89%) ( 2 ϭ 8.58; P ϭ 0.003). A similar success in the identiÞcation of bloodmeal sources was obtained from mosquitoes captured using CDC-traps in Tenerife (16 
Discussion
Cx. theileri is mainly considered a mammophilic mosquito but also feeds on birds (Jupp et al. 1980 , Alcaide et al. 2009 , Muñ oz et al. 2012 . In different wetlands in southÐwestern Spain, the proportion bloodmeals of mammal origin ranged from 77.8 to 91.2%, with very low prevalence of bloodmeals from humans (Muñ oz et al. 2012) . In agreement with these results, we found that Cx. theileri fed extensively on ruminants (goats, sheep, and cattle) in addition to dogs, cats, humans, and chickens. Previously, dogs, cats, and humans had been identiÞed as hosts in a study of 11 bloodfed Cx. theileri from Portugal using a molecular approach . Overall, these results should be considered of interest in the transmission of D. immitis, because Cx. theileri is a potential vector of D. immitis (SantaÐAna et al. 2006 , Morchó n et al. 2011 . Although Cx. pipiens could be also involved in the transmission of this pathogen (Shaw and Day 2005, Morchó n et al. 2012) , the low number of bloodmeals identiÞed in this study provided minimal information. According to previous studies, the percentage of human derived feeds in Culex mosquitoes varies widely ranging, for example, in Cx pipiens from 0 to 35.7% (Gó mezÐDṍaz and Figuerola 2010, Muñ oz et al. 2011 ). This variation may be affected by different factors including host preference and the density of humans and alternative hosts in the area. This fact may potentially affect the transmission of D. immitis because, although humans are susceptible to parasite infection, people are considered dead end hosts for the parasite. Moreover, although Cx. theileri can also transmit West Nile virus (WNV; Hubálek and Halouzka 1999) , the high prevalence of mammal bloodmeals indicated that the risk of WNV ampliÞcation and tangential transmission by this mosquito would be minimal.
Previous studies have reported high seroprevalence to D. immitis in dogs, cats, and humans in the Canary Islands (MontoyaÐAlonso et al. 2011a,b) . According to our results, in presence of other potential hosts of Cx. theileri, a relatively low percentage of mosquitoes fed on dogs, the deÞnitive host of D. immitis. These results could be because of the higher abundance of goats in reference to other potential hosts in the area, although unfortunately, we did not collect exhaustive data on host abundance to test this possibility. Curiously, we found a single bloodmeal from humans, although humans were present in the area and most blood-fed mosquitoes were trapped in the bathroom, a place exclusively used by people. Most likely Cx. theileri were not feeding in the bathroom but were using this as a resting site. This was indicated by the greater number of host species that were identiÞed from mosquitoes captured resting in the bathroom than in those captured using CDC traps. It is possible that the method of insect capture biased bloodmeal samples, with blood-fed females from CDC traps feeding on a reduced subset of available host species . However, the most parsimonious explanation is that the observed differences were because of the great number of blood-fed females captured resting in the bathroom than in outdoors traps.
Finally, although most of the blood-fed mosquitoes were captured in the bathroom, a signiÞcantly lower proportion of the hosts of these bloodmeals were identiÞed. This is probably because of a greater degradation of the hostÕs DNA because of an increase in time between feeding and insect capture in comparison to those mosquitoes captured using CDC traps. It is known that the efÞcacy of identiÞcation of bloodmeal sources varies according to the stage of digestion of the hostÕs DNA in the abdomen of the mosquito (Mukabana et al. 2002 , Oshaghi et al. 2006 , Haouas et al. 2007 . In Anopheles mosquitoes the proportion of successfully identiÞed bloodmeals drops below 50% at 15 h after ingestion (Mukabana et al. 2002) . In a previous study, a considerable number of bloodmeals from mosquitoes captured indoors, and probably resting for an extended time period, could not be identiÞed by using an assay based on the ampliÞcation of a fragment of 132-to 680-bp of hostÕs DNA (Fornadel and Norris 2008) . However, Thiemann et al. (2011) were able to identify Culex bloodmeals up to 3 d after blood feeding using COI. The method of extraction is also likely to affect ampliÞcation success given the degraded nature of many of the DNA samples analyzed. HotSHOT is a quick and cheap method for DNA extraction (Alcaide et al. 2009 ), but use of other protocols or commercial kits for degraded DNA extraction may increase ampliÞcation success.
The main conclusion of our study is that in the Canary Islands, the potential Dirofilaria vector, Cx. theileri, fed on blood from different ruminant species and on the potential hosts D. immitis (including dogs, cats, and humans). Moreover, we found support to the fact that bloodmeal degradation probably led to reduced polymerase chain reaction ampliÞcation and sequencing of a 758 bp fragment of the hostÕs COI gene.
